Summary Cytogenetical studies on Hoplias malabaricus, intensive in the last few years, have determined that it does not represent only 1 species, as it is classified, but a complex of species with 7 cytotypes , some of them living in a sympatric condition with no hybrids. In this study, for the first time, 3 cytotypes were found in sympatry and sintopy in the Upper Paraná River floodplain. Cyytotaxonomy and geographical aspects are discussed.
and females, without an apparent sex chromosome system; cytotype D: 2nϭ40/39 chromosomes, X 1 X 1 X 2 X 2 /X 1 X 2 Y for females and males, respectively; cytotype E: 2nϭ42 chromosomes, with 1 pair of acrocentric chromosomes; cytotype F: 2nϭ40 chromosomes, with the first pair of chromosomes very large, cytotype G: 2nϭ42/41 chromosomes, XX/XY 1 Y 2 for females and males, respectively.
Results and discussion
Three distinct cytotypes were found: (a) Cytotype A-2nϭ42 chromosomes (24 metacentric chromosomes, 18 submetacentric chromosomes) for males and females, without an apparent sex chromosome system (Fig. 1A) ; (b) Cytotype C-2nϭ40 chromosomes (26 metacentric chromosomes, 14 submetacentric chromosomes) for males and females, also without an apparent sex chromosome system (Fig. 1B) ; and (c) Cytotype D-2nϭ40 chromosomes (24 metacentric chromosomes, 16 submetacentric chromosomes) for females ( Fig. 2A ) and 2nϭ39 chromosomes (24 metacentric chromosomes, 2 without homologues, 14 submetacentric chromosomes, plus 1 without a homologue) for males ( Fig. 2B) , showing a multiple sex chromosome system with X 1 X 1 X 2 X 2 for females and X 1 X 2 Y for males. All the cytotypes found in the floodplain lagoons are syntopic.
The 3 cytotypes were corroborated by parallel analysis using RAPD-PCR and the same specimens from the cytogenetical studies, since 3 band patterns were clearly identified and related to each of the cytotypes here described. (Maniglia et al. 2000) . Cytotype C was the most abundant among them; and cytotype A, the rarest (only 3 specimens; 1 male, 2 females). The nucleolar organizer regions (NORs) were multiple and telomeric for all cytotypes, (not showed) reaching up to 10 NOR bearing chromosomes in cytotype A. Cytotype D, however, presented frequent pericentromeric impregnation in 1 submetacentric chromosome, probably associated to constitutive heterochromatin. Multiple NORs, in telomeric position and seen as small dots under silver nitrate impregnation, seem to be a constant in all Hoplias malabaricus cytotypes (Bertollo 1996) .
Interspecific chromosomic variations have been described in Hoplerythrinus unitaeniatus (Erythrinidae) (Giuliano-Caetano and Bertollo 1988) , where 1 population presented a diploid number of 48 chromosomes, while another showed 2nϭ52 chromosomes. In other fish taxa, such as Astyanax (Characidae), the frequently detected karyotypic variability characterizes a complex of species, such as Astyanax scabripinnis (Moreira-Filho and Bertollo 1991) .
Hoplias malabaricus, in turn, presents high karyotypic variability in many populations in South America, showing a diploid number ranging from 39 to 42 chromosomes, varying in karyotypic formulae and the presence or absence of a sex chromosome system (Dergam and Bertollo 2003 Sympatric Cytotypes of Hoplias 1990, Lopez and Fenocchio 1994, Bertollo et al. 1997a) . Two types of multiple sex chromosome systems have been characterized in Hoplias malabaricus: X 1 X 1 X 2 X 2 /X 1 X 2 Y (2nϭ40/39 chromosomes) for females and males, respectively, as in this study (Bertollo et al. 1983 , 1997b , Bertollo and Mestriner 1998 ; and XX/XY 1 Y 2 (2nϭ40/41 chromosomes) for females and males, respectively (Bertollo and Mestriner 1998) . In addition, Hoplias malabaricus also shows a XX/XY sex chromosome system for females and males, respectively, in a cytotype with 42 chromosomes (Born and Bertollo 2000) . In our study, the Y chromosome is represented by a large metacentric chromosome, the X 1 by a medium metacentric chromosome and the X 2 by a medium submetacentric chromosome, similar to that found by Bertollo et al. (1983) . The most probable mechanism for the occurrence of this type of sex chromosome system was described by Bertollo et al. (1983 Bertollo et al. ( , 1997b ) and consists of a centric fusion involving the 2 X chromosomes, without loss of genetic material (with the exception of telomers).
Sympatric cytotypes of this basin were described in specimens caught in a tributary of the Paraná River, São Paulo State, where cytotypes A and D were found (Scavone et al. 1994) . Lopez et al. (1998) verified 2 cytotypes in a sympatric condition in specimens collected in the Aguapey River, Argentina. They are 2nϭ40 chromosomes for males and females and 2nϭ42 chromosomes for males and females, without any indication of a sex chromosome system as in cytotypes C and A, described by Bertollo et al. (2000) . Other sympatric occurrences of the different cytotypes of Hoplias malabaricus were described by Bertollo et al. (2000) in some Amazon basin locations: Mindú Stream, Manaus, Amazonas State; Trombetas River, Porto Trombetas, Pará State; Madeira River, Porto Velho, Rondônia State; and Aripuanã River, Aripuanã, Mato Grosso State.
The cytotype 2nϭ40 chromosomes for males and females was described for many populations (Bertollo et al. 1997a) , one of them in the Paraná River basin, Argentina (Lopez and Fenocchio 1994) . Jorge (1995) observed great similarity in the karyotype presented by Lopez and Fenocchio (1994) and specimens studied by the author, collected in the Paraguay River, near Corrientes (Argentina). This cytotype is widely distributed in Brazil, but it does not occur in the Upper Paraná. The cytotype described here is very close to those above, in accordance with the definition of Bertollo et al. (1997a Bertollo et al. ( , 2000 .
In addition, our data demonstrates a consequence of the construction of the Itaipu Hydroelectric Power Station. The falls of Sete Quedas constituted a barrier that separated 2 distinct ichthyofaunistic provinces in the Paraná River: the Upper Paraná and the Parano-Platense (Bonetto 1986) . With the closing of the gates of the Itaipu Hydroelectric Power Station, this barrier was displaced 150 kilometers downstream and, as a result, more than 20 species from the Parano-Platense province invaded the Upper Paraná (Agostinho et al. 1994) . The fact that 15 others, and possibly many more, remain restricted to the stretches immediately downstream from the Itaipu Reservoir lead to the belief that despite the observed dispersals, these provinces continue valid. If in some species this only served to increase the genic flow, in Hoplias malabaricus it represented an increase in the number of cytotypes of the Hoplias complex in this region, where cytotype C began to integrate with the local ichthyofauna due to the displacement of the barrier to the faunistic isolation. The diversity observed in several of the main cytotypes, in addition to the various subgroups in some of them (small variations in chromosome morphology), may be understood taking into consideration the wide geographic distribution of Hoplias malabaricus. Another detail that should be emphasized is the fact that no hybrid was found until now, even at sites of sympatric occurrence of the cytotypes described. The absence of hybrids clearly indicates reproductive isolation (Futuyma 1997) . In addition, the molecular data obtained using RAPD-PCR , Maniglia et al. 2000 also emphasizes the necessity of a taxonomic review of this fish group.
In addition to corroborating the hypothesis that Hoplias malabaricus is a complex of species, the occurrence of 3 sympatric cytotypes in the Paraná River floodplain may aid ecological studies about the fish fauna (e.g. spawning, which determines reproduction time and feeding, among other factors), since it was previously considered as only 1 species.
